The Jico crested-tailed mouse (Habromys simulatus) is an arboreal rodent endemic to Mexico, with only 2 known extant populations restricted to montane cloud forests in the states of Hidalgo and Oaxaca. The habitat of this species has been reduced and fragmented as a result of anthropogenic activities, isolating populations and likely decreasing their sizes. We evaluated the effects of such isolation by analyzing the genetic diversity and structure of H. simulatus using 10 microsatellite loci. DNA was obtained from 52 samples from both populations. Despite the isolated and fragmented nature of the species, we found high levels of genetic diversity (H Nei 5 0.732), similar to those reported in other endangered species with fragmented distributions. Genetic differentiation was significant (F ST 5 0.178) and number of migrants was negligible (NmF ST 5 0.196), a result supported by an assignment test and a factorial correspondence test. Molecular analysis of variance showed that 82% of genetic variation was distributed within populations, not unexpected given that each of the individuals' genotypes was distinct. Individuals within each population were mostly unrelated. The smallest population showed evidence of genetic bottleneck. We found evidence of detrimental genetic processes such as allelic fixation, genetic drift, and inbreeding. Our results strongly suggest that each of the 2 populations is a unique genetic entity that must be considered a distinct evolutionary unit. Unfortunately, both populations are at high risk of extinction, primarily due to habitat loss and population decline.
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The Jico crested-tailed mouse (Habromys simulatus) is an arboreal rodent endemic to Mexico, with only 2 known extant populations restricted to montane cloud forests in the states of Hidalgo and Oaxaca. The habitat of this species has been reduced and fragmented as a result of anthropogenic activities, isolating populations and likely decreasing their sizes. We evaluated the effects of such isolation by analyzing the genetic diversity and structure of H. simulatus using 10 microsatellite loci. DNA was obtained from 52 samples from both populations. Despite the isolated and fragmented nature of the species, we found high levels of genetic diversity (H Nei 5 0.732), similar to those reported in other endangered species with fragmented distributions. Genetic differentiation was significant (F ST 5 0.178) and number of migrants was negligible (NmF ST 5 0.196), a result supported by an assignment test and a factorial correspondence test. Molecular analysis of variance showed that 82% of genetic variation was distributed within populations, not unexpected given that each of the individuals' genotypes was distinct. Individuals within each population were mostly unrelated. The smallest population showed evidence of genetic bottleneck. We found evidence of detrimental genetic processes such as allelic fixation, genetic drift, and inbreeding. Our results strongly suggest that each of the 2 populations is a unique genetic entity that must be considered a distinct evolutionary unit. Unfortunately, both populations are at high risk of extinction, primarily due to habitat loss and population decline. In recent decades the natural habitat of numerous species of flora and fauna increasingly has been reduced and fragmented as a result of anthropogenic activities. This processparticularly that of fragmentation-most often has led to isolated populations and decreased population sizes. The remaining habitat patches or fragments can be considered as islands inhabited by small, isolated populations where gene flow is low or absent (Allendorf and Luikart 2007; Amos and Balmford 2001; Kim et al. 1998) . These isolated populations are highly susceptible to stochastic genetic processes such as genetic drift and inbreeding that can lead to a reduction of the effective population size and loss of genetic variability (Frankham et al. 2005; Van Treuren et al. 1991 , 1993 . This genetic erosion can reduce the potential of populations to adapt to new or changing environments and also diminish individual fitness, increasing the risk of extinction (Frankham et al. 2005; Gibbs 2001; Saccheri et al. 1998 ). Many endemic species currently have fragmented distributions, often related to ongoing habitat loss and diminished ranges.
Mexico has been recognized for its high number of endemic mammal species, most of which are rodents (Ceballos et al. 2005) . In addition, one of the vegetation types with the highest number of endemic species in the tropics is the montane-or cloud-forest. In Mexico the cloud forest (Bosque Mesófilo w w w . m a m m a l o g y . o r g de Montaña-Rzendowski 1978) is considered a relict vegetation type of extreme complexity and high biological and biogeographic value; it is characterized by an intricate biogeographic origin, an archipelagic distribution, the presence of paleoendemic and neoendemic taxa, and high species diversity and richness (Luna et al. 1999) . At least 3,000 species (9%) of Mexican flora inhabit cloud forests, 13 genera and 33 families are found exclusively or preferentially in this ecosystem, and 13% of genera are endemic, with epiphytes being the most diverse group with approximately 800 species. Further, 30% of the bird species in cloud forests are endemic, and 67% of those are restricted to only 5 fragments. More than 100 mammal species, with more than 45 endemic species, and approximately 126 and 100 of reptilian and amphibian endemics, respectively, occur in cloud forests (Challenger 1998) . Originally, the cloud forest covered 3.09 million hectares; however, its current extension is ,1 million hectares, corresponding to 0.44% of Mexico's land area (Instituto Nacional de Estadística, Geografía e Informática [INEGI] 2005). The transformation of this ecosystem has been fairly recent, between 1950 and 1970, mainly by creation of extensive coffee plantations but also by deforestation, urbanization, and mining, resulting in severe reduction and fragmentation (Challenger 1998) . Cloud forest has the highest biological diversity of any vegetation type in the country and is one of the most threatened ecosystems nationally and worldwide (Bubb et al. 2004; Hamilton et al. 1995) . The conservation of ecosystems that harbor considerable magnitudes of endemism, such as cloud forests, should be of the highest priority at local and global scales, because the taxa represented therein habitually constitute unique evolutionary lineages.
The genus Habromys (Rodentia: Cricetidae: Neotominae) currently is hypothesized to include 7 recognized species (León-Paniagua et al. 2007; Rogers et al. 2007; RomoVázquez et al. 2005) . They are relatively small rodents, inhabiting montane zones in Central America from central and southern Mexico to Guatemala, El Salvador, and probably Honduras (Carleton 1989; Carleton et al. 2002) . Given that they are restricted to cloud and pine-oak forests at elevations between 1,800 and 3,150 m, their geographic distribution is highly discontinuous. Habromys species are strictly arboreal and occur at low densities (Carleton et al. 2002; León-Paniagua et al. 2007) , and individuals are extremely difficult to trap in the wild. Consequently, these species are poorly represented in scientific collections and our biological knowledge about them is limited.
Habromys simulatus, the Jico crested-tailed mouse, is one of the smallest (17-19 g) and more arboreal species in the genus (Musser 1969) . It is monotypic (Carleton 1980) , with a historical distribution that includes the type locality (near Jico, in Veracruz), Zacualpan in Veracruz, El Potrero in Hidalgo, and Puerto de la Soledad in Oaxaca (Carleton et al. 2002; León-Paniagua 2007; León-Paniagua et al. 2007; Rogers et al. 2007; Romo-Vázquez et al. 2005 ). The type locality had been transformed completely into coffee plantations by the early 1970s, and the Zacualpan habitat has been reduced significantly by deforestation, likely the cause of local population extirpations of this species. The cloud forest along the Sierra Madre Oriental has been transformed considerably, remaining only as very small and isolated fragments (Challenger 1998; WilliamsLinera 1992) . Consequently, H. simulatus has extant populations only in El Potrero and Puerto de la Soledad (Fig. 1) . Considering its restricted geographic distribution, low population size, and narrow habitat requirements, it was classified as endangered by the World Conservation Union (IUCN) (2008) . We evaluated the genetic variability and differentiation of the 2 known extant populations to obtain genetic and evolutionary information urgently needed to recommend and establish conservation actions for the species.
MATERIALS AND METHODS
Sample collection and DNA extraction.-Localities of the 2 known extant populations of H. simulatus were included: 11 individuals from El Potrero in Hidalgo (EP) and 41 from Puerto de la Soledad in Oaxaca (PS). Samples were obtained from 2 sources; 7 individuals from EP were sampled from our fieldwork during April 2006, and 4 samples from EP and 41 from PS were obtained from museum specimens collected previously by León-Paniagua and collaborators in 1993 . Sampling methods were designed specifically for arboreal rodent species. Sherman live traps (7.6 3 8.9 3 22.9 cm; H. B. Sherman Traps, Tallahassee, Florida) were set on wire-mesh platforms on mature, dense trees at different heights ranging from 3 to 20 m. Eight traps were used per tree and baited with a mixture of rolled oats, peanut butter, and vanilla extract; traps were kept active for 9 nights per tree. For each trapped individual we took a tissue sample and stored it in 97% ethanol. Specimens were deposited in the Mammal Collection of the Museo de Zoología ''Alfonso L. Herrera,'' Facultad de Ciencias (MZFC). Techniques used were in compliance with guidelines published by the American Society of Mammalogists for use of wild mammals in research (Gannon et al. 2007) . Museum specimens of H. simulatus were obtained from the MZFC (also HBR) and Colección Nacional de Mamíferos, Instituto de Biología (CNM), both from Universidad Nacional Autónoma de México; museum catalog numbers of voucher specimens, locality, and associated tissue are as follows: El Potrero (EP), Municipio de Tenango de Doria, Hidalgo, Mexico (liver, kidney, or heart: HBR023-025; skin: CNM39686); and Puerto de la Soledad (PS), Municipio de Teotitlán, Oaxaca, Mexico (liver, kidney, or heart: HBR117, HBR118, HBR130, HBR148, HBR155, HBR158, HBR59, HBR161, HBR62, HBR169, HBR171-173, HBR179, HBR183-186; skin: MZFC10107-10115, MZFC10117, MZFC10118, MZFC10120-10122, MZFC10124, MZFC10126, MZFC10129, MZFC10132, MZFC10133, MZFC10137-10139, MZFC10146). We were not able to include samples from the other 2 historically known populations because only 1 specimen of H. simulatus exists from the Zacualpan locality (sampled in 1969) and only 3 from the type locality (1904), all of which are deposited in museums abroad. Despite intensive fieldwork we were unable to collect this species at Zacualpan (2000 Zacualpan ( -2004 , at PS after 2001, or to collect a greater number of individuals at EP.
Tissue and skin DNA samples were extracted using the AquaPure Genomic and the DNeasy Blood and Tissue kit (Biorad, Hercules, California), respectively, following the manufacturer's instructions. DNA quantity and quality were assessed with a biophotometer (Eppendorf, Hauppauge, New York) and visualized with ultraviolet light in 1% agarose gels stained with ethidium bromide at 0.5 mg/ml.
Microsatellite typing.-We tested 12 fluorescently labeled microsatellite primers (Table 1 ) designed for Peromyscus maniculatus (Chirhart et al. 2000) . We selected these primers because Habromys and Peromyscus are sister genera (Carleton 1980) .
The DNA was amplified in a 10-ml reaction volume containing the following: approximately 50 ng of template DNA, 0.5 units of HotStar Taq DNA polymerase (Quiagen, Valencia, California), 1.5 mM of MgCl 2 , 200 mM of each deoxynucleoside triphosphate, and 0.25 mM of each primer.
Concentration of MgCl 2 varied for some primers: 4.5, 2.75, and 3.1 mM for Pml01, Pml05, and Pml06, respectively. Polymerase chain reaction conditions were as follows: HotStar Taq activation at 95uC for 15 min, initial 3-min denaturation at 95uC, followed by a different number of cycles depending on the primer (Table 1) , each cycle consisting of 95uC denaturing for 30 s, annealing temperature specific per primer (Table 1) for 30 s, and extension at 72uC for 25 s, with a final 72uC for 3 min. After amplification, microsatellite products were run on an ABI Prism310 and 3100 Genetic Analyzer (Applied Biosystems, Carlsbad, California) and allele size determined with the software GENESCAN 3.1 and GENOTYPER 1.1 (Applied Biosystems). Every sample was sequenced at least twice to assure reproducibility and correct readings.
Statistical analyses.-We examined possible departures from Hardy-Weinberg equilibrium with an exact test and calculated the unbiased P-value with a Markov chain algorithm (Guo and Thompson 1992) with 10,000 dememorizations, 1,000 batches, and 10,000 iterations per batch. We also evaluated linkage disequilibrium by a log-likelihood ratio statistic (G-test) and estimated allelic frequencies and F IS statistics to evaluate heterozygote deficit or excess (Weir and Cockerham 1984) . All tests were conducted using GENEPOP version 3.4 (Raymond and Rousset 1995) . A sequential Bonferroni correction for multiple comparisons (Rice 1989 ) was applied where necessary. We assessed genetic variability in each population by estimating the observed (n o ) and effective (n e ) number of alleles, observed (H O ) and expected (H E ) heterozygosity, and Nei's unbiased expected heterozygosity (H Nei -Nei 1973) , using the program POPGENE version 1.31 (Yeh et al. 1997) .
To determine if populations were genetically different and estimate their degree of genetic structure we used several approaches. Given that microsatellites are closer to the stepwise mutation model than the infinite allele model, we calculated R ST (Michalakis and Excoffier 1996; Slatkin 1995) . However, because of the difference in sample size between our 2 populations, a situation where F ST values could provide a more conservative assessment (Gaggiotti et al. 1999) , we also calculated F ST based on Weir and Cockerham (1984) and their respective estimate of number of migrants per generation (NmF ST and NmR ST ), using Arlequin version 3.11 (Schneider et al. 2000) . To analyze the distribution of the genetic variance between and within populations we used an analysis of molecular variance (Excoffier et al. 1992 ) based on F ST and R ST . Significance was calculated using a nonparametric test with 30,000 permutations of genotypes among populations.
We performed an assignment analysis with the software GeneClass version 2.0 (Piry et al. 2004) , in which each individual's genotype is analyzed to determine to which population each individual belongs, based on the genotypic frequencies present in the populations (Paetkau et al. 1995) . We applied the frequency method of assignment (Cornuet and Luikart 1996) . Finally, to detect the degree of similarity of the sampling sites based on the species' genotypes we did a factorial correspondence analysis of the microsatellite data using GENETIX 4.05 (Belkhir et al. 2004 ). This test graphically projects the individuals in the factor space defined by the similarity of their allelic states.
We used the program BOTTLENECK version 5.1.26 (Cornuet and Luikart 1996; Piry et al. 1999 ) to test for a genetic signature of recent historical reduction in the effective population size (i.e., a bottleneck), based on the two-phase model, which is an intermediate model of evolution considered more appropriate for microsatellites (Cornuet and Luikart 1996) . Accordingly, we estimated the observed and expected heterozygosity under the two-phase model, with settings of 90% stepwise mutation model, 10% infinite allele model, and 10% variance; default values (70% stepwise mutation model, 30% infinite allele model, and 10% variance) also were used. Both settings were run with 10,000 replicates. Excess heterozygosity was tested using a Wilcoxon test. We estimated another measure of population size reduction, the Garza-Williamson index (M, the ratio of number of alleles to range in allele size) and the critical value (M c ), with the program Critical_M (http:// swfsc.noaa.gov/textblock.aspx?Division5FEDandid53298). M-values lower than the critical number are indicative of more historical population declines. The latter was done based on 10,000 simulations and parameters from the two-phase mutation model, as described in Garza and Williamson (2001) .
We evaluated the presence of null alleles with the program MICRO-CHECKER version 2.2.3 (van Oosterhout et al. 2004) , which corrects the allelic and genotypic frequencies if null alleles are detected, using a 95% confidence interval, 1,000 repetitions, and the Brookfield 1 estimator. In addition, we estimated F ST by means of the Excluding Null Alleles (ENA) method (F ST-ENA ), which corrects for any effect derived from the presence of null alleles, with the software Free-NA (Chapuis and Estoup 2007) . We also obtained a database of genotypes corrected for null alleles using the Including Null Alleles method. We estimated the Cavalli-Sforza and Edwards (1967) genetic distance (D CS ) using GeneClass, together with corrected distance values (D CS-ENA ) calculated from the corrected database. Both F ST and genetic distance values subsequently were compared to assess whether significant differences existed with and without taking null alleles into consideration. Finally, we evaluated the relatedness among individuals within each population, and between populations, with the program ML-RELATE (Kalinowski et al. 2006) , which has the advantages of being designed for microsatellites, is based on maximumlikelihood tests, and considers null alleles. 
RESULTS
Genetic diversity.-We analyzed 52 individuals, 11 from EP and 41 from PS. Results are based on 10 polymorphic loci. Two loci in EP and 5 in PS showed deviation from HardyWeinberg equilibrium (significant F IS values after Bonferroni corrections), mainly because of heterozygosity deficit, and no significant linkage disequilibrium was detected with the exception of pairs Pml09-Pml11 and Pml04-Pml11 in PS.
A total of 110 alleles was observed (Fig. 2) , with 6-19 alleles per locus. All loci also showed private alleles in both populations, Pml11 with the highest number (15) and Pml05 the lowest (3). The PS population showed a total of 58 private alleles and EP had 21. The highest number of observed (n o 5 8.9) and effective (n e 5 4.4) number of alleles was found in PS; EP had 5.2 and 3.2 alleles, respectively (Table 2) (Table 3) .
One hundred percent of the individuals were assigned correctly to their population of origin; none of the genotypes of individuals found in the EP population corresponded to allelic frequencies found in the PS population, or vice versa. Also, no potential migrants were detected. The factorial correspondence analysis based on microsatellite genotypes showed that the genotypes of individuals formed 2 groups corresponding to the EP and PS populations; both groups were completely distinctive (Fig. 3) .
Genetic bottlenecks, null alleles, and relatedness.-No evidence of genetic bottlenecks was found in either population, indicating no reductions in population size. However, the EP population (M 5 0.366; M C 5 0.855) showed significant signal for recent or drastic reduction, or both, in population size.
Presence of null alleles was observed for 3 loci in EP and 4 loci in PS. Based on the ENA correction for null alleles, we obtained F ST-ENA 5 0.169, a value not significantly different from the uncorrected value (F ST 5 0.178; P . 0.05). Likewise, the difference between the Cavalli-Sforza genetic distance with (D CS-ENA 5 0.171) and without (D CS 5 0.193) correction was not significant (P . 0.05). Finally, relatedness values indicated no relationship between individuals from EP and those from PS. Proportion of relatedness of individuals within each EP and PS was similar: most individuals were unrelated (EP 5 82% and PS 5 83%), followed by halfsiblings (14% and 13%), siblings (2% and 3%), and parentoffspring (2% and 1%).
DISCUSSION
This is the 1st study on genetic variability of H. simulatus, a severely threatened species restricted to cloud forests in Mexico with only 2 known remaining populations. Although our sample size is small, particularly for the EP population, few individuals were captured despite an intensive trapping effort, which likely reflects the critical conservation status of this species. Hence, the genetic information obtained in our study is highly valuable for the species.
Our results indicate deviation from Hardy-Weinberg equilibrium for some loci in both populations, mostly as an outcome of heterozygote deficiency, a result not uncommon in threatened species with fragmented populations (Degner et al. 2007; Loew et al. 2005; Pastor et al. 2007; Spear and Storfer 2010) . Null alleles also were identified, which could be associated with deviation from Hardy-Weinberg equilibrium; locus Pml03 was the only one with null alleles in both populations. We chose not to eliminate this locus from the analyses for 2 reasons: neither F ST values nor genetic distances were significantly affected by null alleles, a result observed in other studies (Brouat et al. 2007) ; and given that we had a small sample size, we carefully considered results of other studies suggesting that the reliability of genetic results is more dependent on the number of loci than on the number of sampled individuals (Loew et al. 2005; Slatkin and Barton 1989) .
Another explanation for the observed Hardy-Weinberg disequilibrium could be related to the Wahlund effect. When a group of subdivided populations with different allele frequencies is considered and analyzed as 1 population, the result can be an excess of homozygotes (Wahlund 1928) . However, this is unlikely, given that individuals were captured in trees distributed in close proximity (5-10 m) and interconnected at their canopies. Thus, no physical barriers appear to limit the movement of individuals within the studied populations. Although some ecological or behavioral factors, such as social structure, could be affecting movement or reproduction, we lack information regarding the ecology of this species and therefore cannot confirm the effect that such factors could have on its genetic diversity and structure (Brouat et al. 2007) .
A significant decrease in observed heterozygosity suggests nonrandom mating and genetic drift (Loew et al. 2005) , which would lead to allelic fixation and loss within populations, with an increase in differentiation between populations. The latter is a more plausible explanation, considering that the F ST values in H. simulatus indicate divergence in allelic frequencies and some level of inbreeding (Hartl and Clark 1997) , a trend that is common in threatened species with small population sizes (Frankham et al. 2005) .
Despite the small sample size and the particular characteristics of the species (endemic and isolated), we found relatively high genetic diversity, which also has been reported for other threatened or endangered mammals with fragmented distributions, such as the mountain pygmy possum (Burramys parvus), which is restricted to the alpine zones in Australia (H O 5 0.577-0.716, H E 5 0.596-0.687-Mitrovski et al. 2007); the giant kangaroo rat (Dipodomys ingens), whose fragmented habitat has been reduced to 3% of its historical distribution (H E 5 0.690-0.720, n o 5 14.5- Loew et al. 2005) ; the island-endemic Oryzomys couesi cozumelae (H E 5 0.689, n o 5 10.8- Vega et al. 2007) ; and the banner-tailed kangaroo rat (Dipodomys spectabilis), a species that has passed through several genetic bottlenecks but has maintained high levels of genetic diversity (H O 5 0.630-0.730, n o 5 6.5-7.4- Busch et al. 2007 ). The high variability reported for microsatellites in many species with low genetic diversity suggests that these genetic markers are a useful tool to monitor loss of genetic diversity in remnant or isolated populations (Paetkau and Strobeck 1994) .
High levels of genetic variability can be related to gene flow; however, estimation of number of migrants and the assignment results showed no gene flow between the 2 populations of H. simulatus. A more likely explanation for the high levels of genetic diversity is that habitat fragmentation is recent or that the effective population size was higher in the past, or both. This is important to consider because the genetic diversity of H. simulatus could be starting to deteriorate as a result of the relatively recent decreases in its effective population size, habitat fragmentation, or its current isolation (Mitrovski et al. 2007) . A similar scenario has been documented in other critically endangered species with comparable population characteristics, such as the Mediterranean monk seal (Monachus monachus- Pastor et al. 2004 Pastor et al. , 2007 .
We found marked genetic structuring and high genetic differentiation between the 2 isolated populations of H. simulatus, with high genetic distance values. Such values are comparable to those observed in populations that are completely isolated with no gene flow (Pastor et al. 2007) , and even in different species, for example in the North American smallrodent genus Peromyscus, where P. maniculatus, P. keeni, P. sejugis, P. polionotus, P. melanotis, and P. leucopus show values ranging from D Nei 5 0.15 to 0.94 and D C-S 5 0.05 to 0.17 (Chirhart et al. 2005) . Such high genetic diversity and significant structure also is suggested by the highest percentage of the total genetic variation being explained by differentiation within populations (82% and 68%, respectively). Moreover, genotypes were completely distinct for each one of the 52 individuals; that is, genotypes were essentially fingerprints of individuals.
Fragmentation and isolation by distance can account for the genetic differentiation observed in H. simulatus. Rodents usually have small home ranges and move short distances. For example, Zygodontomys brevicauda has an average home range of 70 m 2 (Giuggioli et al. 2006 ), P. maniculatus, 100 m 2 , and Nyctomys sumichrasti, an arboreal species, 131 m 2 (Hunt et al. 2004) . Strictly arboreal species such as H. simulatus are no exception to this trend. In addition, approximately 300 km separate the PS and EP populations (Fig. 1) , both located in significantly isolated, small cloud-forest fragments where the intervening region is extremely arid. Moreover, Sánchez-Cordero et al. (2005) documented that H. simulatus, together with other endemic mammals (Cratogeomys tylorhinus, Orthogeomys cuniculus, Peromyscus bullatus, and Sorex macrodon), have suffered a drastic loss of suitable habitat, reducing their extant distributions to ,25% of their potential distributions. Accordingly, H. simulatus consists of 2 completely isolated fragmented populations with no gene flow, similar to oceanic islands (Frankham et al. 2005; Kim et al. 1998 ). It therefore is expected that the deleterious genetic effects associated with such isolation and small population size (i.e., inbreeding and decrease in genetic diversity) will increase the risk of extinction because of the consequent decline of its putative adaptative potential and individual fitness (Bijlsma et al. 2000; Goodman 1987; Mitrovski et al. 2007; Saccheri et al. 1998) . Although a high number of alleles was detected in both populations, a tendency for allelic fixation was observed, suggesting genetic and demographic deterioration associated with isolation and decrease in population size. Underscoring this hypothesis is the signal of a genetic bottleneck observed for EP, suggesting a recent historical reduction in the effective population size of this population.
Significant differences in allelic frequencies between the 2 populations also were detected, supporting the observation that fragmented populations often preserve more genetic variability than would a single population of the same size (Gilpin 1999 ). The latter is also supported by the recognizable genotypic fingerprint (different genotypes) found for each individual in these remnant populations. Nevertheless, the allelic size range for most loci is similar in the 2 populations, some of the intermediate-sized alleles missing in one population are present in the other, and a continuous allelic frequency distribution is observed in the species as a whole. This suggests that H. simulatus consisted in the recent past of a larger, continuous population with gene flow among populations (Fig. 2) . This has been found for other species currently fragmented and isolated, such as the gray seal (Halichoerus grypus- Allen et al. 1995) , harbor seal (Phoca vitulina vitulinaGoodman 1998), and Mediterranean monk seal (Monachus monachus- Pastor et al. 2007 ).
In a previous study León-Paniagua et al. (2007) suggested that the 2 populations of H. simulatus might constitute separate species based on molecular data (mitochondrial DNA, ND3, and ND4 genes) and karyotypic, morphological, and biogeographical information. The significant genetic differentiation we found between these populations supports this hypothesis. Thus, we can consider these as 2 independent populations, each acting as a unique source of genetic diversity (high percentage of private alleles and an exclusive combination of genotypes).
More important, regardless of whether they constitute distinct taxonomic species, they undoubtedly represent significant evolutionary units (Moritz 1995) . This has important conservation consequences. If anything untoward should happen to either of the populations, significant evolutionary uniqueness would be lost. Evidently, habitat loss and fragmentation is one of the most severe problems faced by H. simulatus. Cloud forests are extremely diverse habitats worldwide from a structural and ecological perspective. They contain an unparalleled number of endemic species, for which they are considered centers of diversification and endemism (García-Moreno et al. 2004; Sánchez-Cordero et al. 2005) . Rodents inhabiting this kind of vegetation often are used as models to explain the evolution of geographical areas (León-Paniagua 2007), and it is likely that many species similar to H. simulatus are suffering from alarmingly similar circumstances with respect to genetic and population dynamics. Accordingly, the appropriate conservation strategy is the protection, preservation, restoration, and maintenance of cloud forests in Mexico.
Although H. simulatus was classified as Endangered by the World Conservation Union (IUCN) in 2008 (B1ab(iii) version 3.1-World Conservation Union [IUCN] 2008), no conservation action is currently under consideration because of limited information on population size and current distribution. Most populations of H. simulatus sampled genetically from historical museum specimens by León-Paniagua et al. (2007) were not found subsequently in our study and are likely extinct. Genetic distinction of the 2 remaining populations might argue for species-level recognition of each severely restricted form. The World Conservation Union (IUCN) Endangered classification should change to Critically Endangered if each population is considered a different species.
RESUMEN
El roedor Habromys simulatus es una especie arborícola, endémica de México, que actualmente presenta únicamente 2 poblaciones silvestres, restringidas a fragmentos de bosque mesófilo de montaña en los estados de Hidalgo y Oaxaca. Su hábitat ha sido reducido y fragmentado resultado de actividades antropogénicas, lo que ha aislado las poblaciones y reducido su tamaño poblacional. El objetivo de nuestro estudio fue evaluar los efectos de dicho aislamiento, evaluando la diversidad y estructura genética de H. simulatus, por medio de 10 loci de microsatélites de 52 individuos de ambas poblaciones. Encontramos valores altos de diversidad genética (H Nei 5 0.732), similar a la reportada en otras especies en peligro con distribuciones fragmentadas. La diferenciación genética fue significativa (F ST 5 0.178 y NmF ST 5 0.196), resultado concordante con lo encontrado con las pruebas de asignación y de correspondencia factorial. El análisis molecular de varianza mostró que el 82% de la variación genética está distribuida dentro de las poblaciones, resultado esperado dado que el genotipo de cada individuo fue distinto. La mayoría de los individuos dentro de cada población no presentaron relación de parentesco y la población más pequeña mostró evidencia de cuello de botella. Encontramos evidencia de procesos genéticos perjudiciales, tales como fijación de alelos, deriva génica y endogamia. Nuestros resultados sugieren fuertemente que cada una de las 2 poblaciones es una entidad genética única que debe ser considerada una unidad evolutiva distinta. Desafortunadamente, ambas poblaciones están en grave peligro de extinción, sobre todo por pérdida de hábitat y disminución del tamaño de sus poblaciones.
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